Flowering synchrony is essential for plant reproductive success, especially in the case of small-sized populations of self-incompatible species. Closely related to synchrony, flowering intensity influences pollinator attraction and pollinator movements. Thus, a high flowering intensity may increase pollinator attraction but, at the same time, may also increase the probability of geitonogamous pollinations. Depending on the mating system, the female fitness of plants in small populations may be affected by both the positive effects of higher flowering synchrony and pollinator attraction and the negative effects of geitonogamous pollinations induced by a high flowering intensity. It was hypothesized that different-sized plants in a population would show contrasting flowering patterns, resulting in differences in pollinator behaviour. These influences could result in differences in mating and female reproductive success. This hypothesis was tested by studying the flowering pattern of Erodium paularense (Geraniaceae), a rare and endangered endemic of central Spain. The temporal distribution of flower production was explored throughout the reproductive season, and the probability of xenogamy and geitonogamy and their relationship to plant size and fitness components were calculated. The analysis of this partially self-compatible species showed diverse flowering patterns related to different plant sizes. Small plants produced a larger number of seeds per fruit in spite of having lower values of flowering synchrony. By contrast, large plants produced a larger number of seeds from geitonogamous pollinations. The effect of different flower displays and outcrossing rates on seed set varied throughout the season in the different groups. Our findings highlight the relevance of individual plant sizedependent phenology on female reproductive success and, in particular, on the relationship between flowering synchrony and fitness.
INTRODUCTION
Flowering synchrony amongst individuals is one of the main determinants of plant reproductive success (Primack, 1980; Augspurger, 1981; Marquis, 1988; Guitián & Sánchez, 1992; Gómez, 1993; Ollerton & Lack, 1998; Mahoro, 2002) . It is especially relevant in self-incompatible species and in small plant populations, where pollen quality and quantity may be decisive in seed formation and, consequently, in population persistence (Reinartz & Les, 1994 ; Byers,on a given day (Albert et al., 2001) , is a relevant factor in pollinator attraction (Guitián & Sánchez, 1992; Thompson, 2001 ). Thus, a greater flowering intensity provides an individual with more opportunities for pollen transfer. However, the larger the number of flowers per plant, the more likely individuals are to suffer the negative effects of a concomitant increase in geitonogamous pollination, at least in plants with a certain degree of selfing (Harder & Barrett, 1995; Snow et al., 1996; de Jong, Klinkhamer & Rademaker, 1999; Eckert, 2000) . Therefore, self-compatible plants are faced with the dilemma of increasing flowering intensity to attract pollinators or decreasing flowering intensity to minimize the number of geitonogamous pollinations and to maximize pollen export (Klinkhamer & de Jong, 1993) .
Mating systems modulate the intensity and magnitude of the effects of this dilemma (Snow et al., 1996; Barrett, 1998; Galloway, Cirigliano & Gremski, 2002; Gaudeul & Till-Bottraud, 2003) , especially in the case of small populations. In self-incompatible plants, effective population size is significantly reduced and reproductive success is more dependent on pollinator activity and environmental stochasticity (Byers & Meagher, 1992; Widén, 1993; Reinartz & Les, 1994; Godt & Hamrick, 1995; Fischer & Matthies, 1997; Vekemans, Schierup & Christiansen, 1998; Matthies et al., 2004) . Therefore, in spite of a theoretical enhancement of genetic diversity, mechanisms that hinder selfing may impose limitations on reproductive success (Oostermeijer, van Eijck & den Nijs, 1994) . Rare plant species with a self-compatible mating system also face a similar dilemma: a high flower display may initially favour pollination, but can become detrimental as geitonogamy increases (Herlihy & Eckert, 2002) .
Previous studies have approached this issue from a nonstructured population perspective (Gaudeul & Till-Bottraud, 2003; Brys et al., 2004; but see Kimura, Ishii & Sakai, 2002) . However, individuals in perennial populations vary in age and size and may, consequently, respond differently in terms of flowering pattern, mating, and reproductive success. We have studied the reproductive biology of Erodium paularense Fern. Gonz. & Izco (Geraniaceae), a naturally rare and endangered plant endemic of central Spain that grows in small, isolated, dolomitic, edaphic islands (Fernández-González & Izco, 1989; RivasMartínez, Fernández-González & Sánchez-Mata, 1990; Albert, Iriondo & Escudero, 2003) . This species has a narrow distribution with few small populations. Although viable seed production is very low (González-Benito, Martín & Iriondo, 1995; Albert & Iriondo, 1997; Albert et al., 2001) , populations are relatively stable in demographic terms (Albert, Draper & Iriondo, 2004 ).
Our hypothesis is that individuals of different size within a population have diverse flowering patterns, and that these patterns have a direct effect on seed set, because floral display conditions pollinator behaviour (Geber, 1985) . Thus, outcrossing and selfing rates may vary amongst individuals depending on their size, and this variability results in the coexistence of plants with different roles in pollination [i.e. those involved in attracting pollinators and those that avoid geitonogamy; sensu Klinkhamer & de Jong's (1993) dilemma]. We tested our hypothesis by exploring the flowering patterns of individuals in an E. paularense population, and their potential for outcrossing and selfing, as a function of plant size to address the following questions: (1) how does flowering pattern affect the female reproductive success of individual plants?; (2) what is the relationship between potential outcrossing rates and plant size?; (3) do potential outcrossing rates vary over the flowering season?; and, if so, (4) how do these rates vary with plant size-dependent phenology patterns?.
MATERIAL AND METHODS

STUDY SPECIES
Erodium paularense is a perennial chamaephyte with a purple-reddish stem and rosettes of green-greyish leaves. Flowers are hermaphrodite, pink, 20-30 mm in diameter, and grouped in inflorescences of three to six flowers. Five-seeded schyzocarps have beaks of 35-50 mm. The mean number of viable seeds per plant per year (irrespective of size) is four (Albert et al., 2001) . Pollen viability estimated by the peroxidase test (Rodriguez-Riano & Dafni, 2000) is around 64% (Albert, 2003) .
The mean P/O ratio (number of pollen grains/ number of ovules) is close to 1000, suggesting the inclusion of E. paularense amongst those species that Cruden (1977) called facultative xenogamous (mixed mating). Hand pollination experiments have shown that E. paularense is a self-compatible outcrosser (Albert, 2003) . Marked within-flower protandry through dichogamy and herkogamy prevents spontaneous autogamy; however, asynchronic dichogamy (Lloyd & Webb, 1986 ) amongst flowers within a plant results in a loss of protandry effectiveness. Thus, geitonogamy is likely to be frequent in E. paularense, as most flower visitors visit more than one flower within the same plant and do not travel long distances (Albert, 2003) .
Our study was carried out at the smallest known population (Population I of González-Benito et al., 1995) , located at Valle de Lozoya (Madrid), south-west of Sierra de Guadarrama (Fernández-González & Izco, 1989) . Although glandular gneisses are predominant in these mountains, E. paularense populations grow on small isolated outcrops of dolomitic materials. This population occupies 443 m 2 and contains approximately 1500 individuals (Albert et al., 2003) .
FLOWERING PATTERN AND REPRODUCTIVE SUCCESS
Flowering phenology and reproductive success were studied in 1996 at Valle de Lozoya Population I (Albert et al., 2001 ). This population comprises five subpopulations (Albert et al., 2004) . Randomly selected plants (N = 252) from four subpopulations were monitored every 3-4 days. The numbers of flowers, fruits, and seeds were monitored at each census (see Albert et al., 2001 for details). Plant size was estimated by the maximum diameter of the rosette cluster (González-Benito et al., 1995) . Flowering synchrony was calculated as in Albert et al. (2001) , following the function modified from Augspurger ( where N is the number of plants, aij is the number of days on which j and i individuals flower simultaneously, and bij is the number of days on which at least one of them ( j and/or i) is in flower. This index ranges from zero when there is no synchrony to unity when flowering overlap is complete.
As it was hypothesized that plants of different size would show different flower production and flowering patterns, three different flowering groups were established, obtained by k-means cluster analysis using plant size as the classificatory predictor. This approach maximizes the differences between groups whilst minimizing intragroup variability (Legendre & Legendre, 1998) . To be able to compare the flowering pattern of each group throughout the flowering season and to represent the number of open flowers ( f ) as a function of time (t), the data for each group were fitted to a flowering model based on a quadratic function ( f = -at 2 + bt + c). Differences between flowering curves were evaluated by exploring the degree of overlap amongst confidence intervals (95%) for each coefficient. These intervals were built using a bootstrapping approach (Manly, 1991) .
The analysis of floral phases showed that each flower had a mean pollen exposure (male stage) of 2 days and a mean stigma receptivity (female stage) of 1 day (Albert, 2003) . Previous studies on pollinator visitation patterns have also shown that plants cross more frequently with other plants in the vicinity belonging to the same subpopulation (Albert, 2003) . From this information, the total number of possible xenogamous pollinations (X j) for an individual j was estimated from a female perspective using the function Similarly, the number of possible geitonogamous pollinations (Gj) was estimated for each individual j using the expression
The 'xenogamy/geitonogamy ratio' (x-g ratio), obtained by dividing Xj by Gj, was used to explore the implications of the mating system and flowering pattern on the female reproductive success. This ratio indicated how many times greater was the potential xenogamy of each plant to the potential geitonogamy. This was a simple measure that did not take into account the spatial structure of populations; that is, neither the subpopulation density nor the minimum distance to the nearest mating partners was considered. Moreover, pollinator behaviour was not taken into account in the calculation of the x-g ratio. As pollination is carried out by generalist insects (Albert, 2003) , attraction and permanence of the pollinator in the plant are expected to be greater in large plants, thereby increasing the number of geitonogamous pollinations in a significant way. Thus, the estimated x-g ratio follows a conservative approach in terms of differences between small and large plants, as real x-g ratio differences between small and large plants are expected to be substantially higher.
Linear regression models were built to assess the effect of the x-g ratio on female reproductive success. In order to avoid plant size-dependent effects on reproduction, reproductive success was estimated by two relative variables: the seed set (proportion of ovules that set seeds) and the mean number of seeds per fruit. All variables were log-transformed to adjust normality.
Plant size, absolute and relative reproductive variables, flowering synchrony, and the x-g ratio were FLOWERING PATTERNS AND PLANT SIZE 229 compared amongst the three flowering groups using one-way analyses of variance (ANOVAs), or KruskalWallis tests when normality assumptions were not met. The Scheffé test (significance level, 0.05) was used as a multiple comparison test for parametric data, and nonparametric multiple comparisons were evaluated by the Nemenyi test (Zar, 1999) .
TEMPORAL FLOWERING PATTERN
To analyse the effects of the x-g ratio on the reproductive success of plants throughout the reproductive season, the flowering season was divided into four periods of 13-16 days each, according to census dates: Period 1 (27 March-12 April 1996), Period 2 (15-28 April 1996), Period 3 (1-17 May 1996), and Period 4 (19 May-1 June 1996). The value of the x-g ratio for each plant and period was calculated as the sum of the total number of possible xenogamous pollinations (X j) for all individuals and census dates within each period, divided by the sum of the total number of possible geitonogamous pollinations (Gj) for all individuals for the same period.
Linear models were built independently for each cluster to evaluate the intensity of the x-g ratio effect of each period on the seed set and mean number of seeds per fruit. The stepwise method was used with the independent variables x-g ratio1, x-g ratio2, x-g ratio3, and x-g ratio4 corresponding to Periods 1, 2, 3, and 4, respectively. All variables were logtransformed to reach normality assumptions.
RESULTS
FLOWERING PATTERN AND REPRODUCTIVE SUCCESS
The flowering patterns of the three size clusters obtained were notably different ( Fig. 1; Table 1 ). The clusters also showed a gradient in flower, fruit, and seed production (Table 2 ). Plants in cluster 1 were more numerous, smaller, and had lower values of the absolute reproductive variables, whereas cluster 3 contained a reduced set of larger plants that produced more flowers, fruits, and seeds ( Table 2 ). The clusters did not differ in fruit set, but did so in the number of seeds per fruit and the x-g ratio (Table 2) . Larger plants had lower x-g ratios and fewer seeds per fruit, whereas smaller plants had higher x-g ratios and more seeds per fruit. Small plants presented the lowest values of flowering synchrony.
Models revealed that both the seed set and seeds per fruit were related to the x-g ratio (Fig. 2) . These results were enhanced by the strong negative correlation observed between the x-g ratio and plant size (Pearson r = -0.536, P < 0.001, N = 201).
TEMPORAL FLOWERING PATTERN
Values of the x-g ratio varied between clusters and throughout the flowering period (Fig. 3) . Small plants (cluster 1) presented higher values than mediumsized and large plants (clusters 2 and 3), especially in the first three periods considered. Larger plants had the lowest values, with little variation throughout the flowering period (Fig. 3) .
Models for the effects of the x-g ratio on reproductive success (seeds per fruit and seed set) throughout the reproductive season were significant in small plants (seeds/fruit = 0.052 x-g ratio2 + 0.021, r 2 = 0.05, P = 0.03, N = 87; seed set = 0.002 x-g ratio2 + 0.001, r 2 = 0.04, P = 0.03, N = 123) and in large plants (seeds/fruit = 0.05 x-g ratio1 + 0.05, r 2 = 0.2, P = 0.01, N = 24). In both cases, only one of the four x-g ratios was selected, corresponding to the first flowering periods. Period 2 corresponded to the flowering peak for the three clusters. However, Period 1 had one of the lowest values of flowers per plant (data not presented). 
DISCUSSION
The female reproductive success of E. paularense individuals followed the widely observed direct relationship between plant size and total seed production (Samson & Werk, 1986; Winn & Werner, 1987; Herrera, 1991; Mitchell, 1994; Ollerton & Lack, 1998; Albert et al., 2001) . Erodium paularense plants of different size and flower production exhibited markedly different flowering patterns which conditioned mating. Given that we would need to use genetic markers to measure outcrossing and selfing rates, our statements about mating throughout the study should be considered as assumptions based on our knowledge of pollinator visitation patterns and potential outcrossing and selfing rates. Pollination efficiency in female fertility and pollen export is known to vary with differences in floral display (Andersson, 1988; Kudo & Harder, 2005) . In our study, no significant differences in fruit set were found between the three size groups (Table 2 ). This lack of response to differences in the attractiveness of floral displays suggests that there is no pollinator limitation in the studied population, as suggested previously (Albert et al., 2001) . Fruit set reflects pollination success, and may be more closely related to mother plant resources than to pollen transfer. In situ experiments with resource addition have confirmed that there is no pollination limitation and that fruit set is resource dependent (M. J. Albert, J. M. Iriondo & A. Escudero, unpubl. data) .
Large plants, grouped in cluster 3, produced the highest number of flowers, fruits, and seeds per plant, although they presented the lowest values of the x-g ratio and seeds per fruit. A positive relationship between flower number and inbreeding has been widely observed (de Jong, Waser & Klinkhamer, 1993; Harder & Barrett, 1995; de Jong et al., 1999; Eckert, 2000; Gaudeul & Till-Bottraud, 2003) . As both the number of ovules that set seeds (seed set) and seeds per fruit decreased significantly with the x-g ratio (Fig. 2) , the small number of seeds per fruit observed in large plants may be caused by their low x-g ratio (i.e. high inbreeding rates). These results suggest the existence of certain levels of inbreeding depression associated with geitonogamy in large plants that limit the number of seeds per fruit once fertilization has taken place. However, if increased outcrossing is responsible for the larger number of seeds per fruit in smaller plants, the genetic quality of seeds from small plants is expected to be higher, because they result from a higher proportion of xenogamy. These results are not in agreement with those obtained by Geber (1985) , who found no differences between large and small plants of Mertensia ciliata in the deposition of either foreign or total (self + foreign) pollen per stigma. Lower numbers of seeds per fruit in large plants may also reflect a negative correlation between fruit number and seed number per fruit under resource limitation (Lee, 1988) . Thus, a larger number of fruits would mean a lower investment per seed. In this study, we found a positive correlation between the number of fruits and number of seeds per fruit (Spearman r = 0.330, P < 0.001, N = 163 pooling across all plants), and the previously mentioned in situ experiments with resource addition carried out in this species showed no effect of resource addition on the number of seeds per fruit (M. J. Albert, J. M. Iriondo & A. Escudero, unpubl. data). However, we cannot reject the possibility that a small number of seeds per fruit could have originated from limited resources rather than pollen quality in large plants.
The effect of the x-g ratio on the relative reproductive success was dependent on the plant size and time. Small plants maintained the highest x-g ratio throughout the reproductive season (Fig. 3) . The x-g ratio corresponding to the period of maximum flowering intensity for small plants (Period 2) had a significant positive effect on seeds per fruit and seed set. These results show the relevance of xenogamy at the flowering peak in the relative reproductive success of small plants. In large plants, however, the only period in which the x-g ratio had a significant effect on seeds per fruit (Period 1) did not coincide with the flowering peak. This suggests that the advantages for female fitness of high flowering intensity in large plants to attract pollinators does not counteract the negative effects of selfing on the number of seeds per fruit. However, pollen dispersal, which was not considered in this study, may also account for the higher male reproductive success of large plants (Sutherland & Delph, 1984; Klinkhamer, de Jong & Metz, 1994) .
Our findings highlight the relevance of dissecting flowering behaviour in order to achieve a better understanding of its effects on reproductive success, at least in populations in which outcrossing rates may be affected by small population size (Raijmann et al., 1994; Petanidou et al., 2001) . In Albert et al. (2001) , we found a close positive relationship between flowering synchrony and seeds per fruit in E. paularense at the population level. However, as individuals in the population vary in size, this conclusion must be treated with caution. Small plants had the largest number of seeds per fruit, although they presented the lowest values of flowering synchrony (Table 2) . Moreover, most crosses in small plants are expected to originate from xenogamy, which is likely to provide a significantly higher genetic quality. In this way, the flowering periods that had the largest number of seeds per fruit were not always those with the greatest floral displays, but those that allowed the best balance between potential xenogamy and geitonogamy. 
